of science due to their wide tunability, relatively short pulse duration, and automatic synchronisation with the pump laser, which can allow, for example, sum and difference frequency generation, further extending the range of tunability of the OPO. To date, continuous wave femtosecond OPOs have mostly employed KTP,'-3 mainly pumped by the fundamental wavelengths of a Ti:sapphire laser. These sources operate in the nearto mid-infrared, although intracavity frequency doubling of a KTP OPO has been described re~ently.~ We report here the successful operation of a femtosecond BBO OPO pumped by the second harmonic of a Ti:sapphire laser. This system is simple to align and operate and is very robust due to the high parametric gain (>15% per pass) of BBO at the wavelengths involved. The optical parametric oscillator setup is shown in Fig. 1 where an e (pump) + o (signal) + o (idler) type I geometry is employed with 6.7" external off-axis pumping for spatial walk-off compensation.
The resonated signal has a vertical polarisation and hence the intracavity dispersion-compensation prisms [Pl & P2] are in the vertical (out of paper) plane. Without intracavity dispersion compensation the output pulses are chirped except in a small wavelength range around 640 nm where pulses with a timebandwidth product of 0.38, close to the Fourier transform limit, are produced (see Fig. 2 ) with a corresponding pulse width of 59 fs. This effect is related to phase-matched second harmonic generation in the BBO crystal at this wave- length. Away from this wavelength region the spectrum assumes the typical near trapezoidal shape of chirped pulses (see Fig. 3a ) and external compression becomes necessary. For example, at 590 nm the measured uncompressed pulse duration is about 200 fs and the obtained compressed duration about 70 fs. With 900 mW of pump at 400 nm we obtain a total output signal power of 120 mW using a 3% transmission output coupler. The introduction of appropriate intracavity dispersion compensation causes the pulse spectrum to broaden and become symmetrical ( Fig. 3b) yielding a Fourier transform limit of 26 fs and 80-mW power. Interestingly, marginally insufficient compensation leads to bichromatic femtosecond emission. In view of these results, we expect that sub-50-fs pulses are obtainable over the whole tuning range of this device. Output is currently tunable from 575 to 660 nm with the present mirror set. The potential tuning range (for a 400 nm pump) is from 470 nm to 800 nm. We remark, based on experience of mixing two Ti:sapphire lasers: that parametric intra-or extracavity difference-frequency mixing of these OPO pulses with the Ti:sapphire fundamental, near 800 nm, permits generation of highrepetition-rate sub-100-fs pulses in the mid infrared and beyond. tially the ideal source for the many applications requiring widely tunable ultrashort pulses. For stability in both amplitude and frequency it is highly desirable to have only one of the two generated waves being resonated in a singly resonant oscillator (SRO). It has been shown previously' that the average powers required to achieve threshold can be in the tens of milliwatts range, and are thus ideally suited for pumping by frequency-doubled diode-pumped modelocked lasers. The OPO described here is based on a Brewster angled lithium triborate crystal. The advantages of using this crystal are Type I temperature-tuned noncritical phase-matching, which allows tight focusing and high intensities to be maintained over a very broad range of signal and idler wavelengths. Using an optional diode-pumped single pass Nd: YLF amplifier for the 1.047 pm light we have shown improvements in the average power of 60% without any degradation in the time-bandwidth product of the pulses. Average powers of the second harmonic have been improved to 480 mW in pulses of 1.9 psec at 105 MHz, giving a peak power of 2.4 kW. The LBO 
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ClPO has a threshold of 170 mW with pump depletions of 75% at 2.5 times threshold. Tuning is achieved over the ranges 0.65 to 1.0 pm (signal) and 1.1 to 2.65 pm (idler) using three mirror sets for the signal wave. A maximum output plower of 110 mW with slope efficiency of 40% has been achieved at -800 nm. P'ower output for the various configurations and mirror sets is shown in Figs. 1  and 2 . Pulse durations of 1.5 psec are observed with time-bandwidth products of -10.9. Further improvements to the power performance of the OPO are discussed as well as more detailed characterisation of the OPO. Preliminary attempts to control the spectral content as well as long term stabilisation of the absolute wavelength of the OPO pulse train is reported. . Narrowband operation was achieved by injection seeding with low power monochromatic r a d i a t i~n .~ In the present OPO system the seed radiation is generated by a BBO-OPO with a wide mode spacing (of about 1 tin-I). This OPO-with a 2.5-mm-long BBO crystal in a 3.6-mm-long flat-flat resonator-is pumped by an injection seeded frequency tripled Q-switched Nd: YAG laser. Despite the short crystal, the OPO efficiency exceeds 25% at a 355 nm pump-pulse energy of 30 mJ (3 times albove threshold).
The OPO signal wave mode spectrum is, shown in Fig. 1 , recorded with a 1 m spectrometer and a 1728-element photodiode-array providing a spectral resolution of 0.25 cm-'. The width of the spectral mode distribution is determined by the gain bandwidth. The pulse-to-pulse energy of the individual OPO modes var- The radiation of the selected single mode (with pulse powers of 10-100 pJ) is used to seed a 355-nm-pumped high power BBO-OPO (consisting of a flat-flat mirror cavity and a 12-mm-long BBO crystal). With a pump power of 70 mJ the energy of the single-mode output (Fig. 2) exceeds 10 mJ.
For BBO the infrared transparency limit restricts high power OPO operation to wavelengths shorter than 2.3 Fm. For the generation of infrared radiation at longer wavelengths the OPO crystals of choice are KTP or KNb03 (KNB). While transparency range and damage threshold of these crystals are similar, the effective nonlinear coefficient of KNB is about three times as high as the one of KTP.
In our investigations a KNB-OPO was pumped by pulsed 1.06 pm Nd:YAG radiation. The OPO consisted of a 7.8-mmlong crystal (type I, 0 = 41", @ = 0' ) placed in a 12-mm-long flat-flat mirror cavity resonant for the signal wave. The energy density at threshold was about 0.48 Jcm-' and 0.58 Jcm-' for 1% and 10% output coupling, respectively. These thresholds are about 3 times higher than expected from t h e~r y .~ This may indicate that the value of the effective nonlinearity quoted in the literature is too large.
The OPO wavelengths measured and calculated5 as function of the phasematching angle are shown in Fig. 3 . As seen in this figure signal and idler wave are tunable in the range of 1.45-2.01 IJ-m and 2.27-4.0 pm, respectively, using two sets of mirrors. With appropriate mirrors the tuning range could be extended to 1.4-4.5 pm.
At pump energies of two times above threshold (82 mJ in a pump beam with 3 mm in diameter) and a 10% output coupier the OPO efficiency is about 14%. This corresponds to pulse energies exceeding 5 mJ at both the signal and idler wavelength. The OF0 bandwidth increases with the signal wavelength from less than 5 nm at X, < 1.7 pm to 15-30 nm at X, > 1.8 pm. Narrowband singlemode operation was achieved by injection seeding with infrared idler radiation of the single-mode BBO-OPO. In this way the KNB-OPO is a powerful source of tunable narrowband infrared radiation.
